~/ The fate of a series of 63 patients operated on between 1953 and 1979 was studied retrospectively to assess the efficacy of neurosurgical treatment in relieving symptoms associated with craniovertebral junction (CVJ) malformations. Fifty-eight patients underwent posterior cervicomeduUary decompression, and the other five underwent transoral clivus-atlanto-odontoidectomy. Long-term results with the posterior approach showed that 50% of the patients benefited from surgery, 25% remained unchanged, and 25% continued to deteriorate or died. Patients with dorsal nervous tissue and/or meningeal anomalies, such as Arnold-Chiari malformation, hydrosyringomyelia, dural fibrous ring, or obstruction of the cisterna magna, did better than patients with ventral cervicomedullary indentation caused by a clivus-atlanto-odontoid bone complex. Anterior decompression is preferable to a posterior approach only if the CVJ malformation involves a ventral deformity in the absence of dorsal compression by soft tissue.
T HE normal adult craniovertebraljunction (CVJ) includes not only the osteoligamentous but also the nervous, vascular, and meningeal structures. 4, 7, 13, 16, 26 ,2s-3~ In cases of symptomatic progressive CVJ malformations, surgical treatment goals are: l) to decompress the nervous structures; 2) to ensure a normal blood flow in the vertebrobasilar circulation; and 3) to fix the malformed joint in a less harmful position. This may be achieved by an anterior, a posterior, or a combined approach. The surgical indications for a given approach together with the timing of the surgical stages are still under discussion in view of the complexity of the problem and the limited series of cases subjected to surgical comparability.
We present a series of 63 cases operated on in the period 1953 to 1979 at the Institute of Neurosurgery of the University of Rome. This report is designed to contribute to the understanding of this area of pathology, and to delineate the clinicoradiological findings affecting the long-term results and the operative indications.
Clinical Material and Methods

Patient Population
The ages of the 63 patients in this series are given in Table 1 . There were 38 males and 25 females. From 1953 to 1976, we operated on 47 patients, all by the posterior approach, and from 1976 to 1979 another 11 patients underwent the posterior approach and five were operated on via the anterior approach (introduced to our institute in 1976). Thus, 58 patients 1-9  3  10-19  11  20--29  15  30--39  14  40-49  11  50-59  8  60-69  1 underwent the posterior approach (Group A) and five the anterior approach (Group B).
Operative Technique
The posterior approach involved cervicomedullary decompression by means of suboccipital craniectomy and upper cervical laminectomy. The dura mater was always left open or a dural homograft applied? Our policy in the event of cerebellar herniation was, as a rule, to let well enough alone, removing the extremely redundant nervous tissue in only a few instances and excising the arachnoidal adhesions, usually until the inferior part of the floor of the fourth ventricle became visible. In the case of associated syringohydromyelia, a drain from the syrinx to the cervical subarachnoid space was applied and/or the patent ependymal canal was occluded at the obex. In 19 patients, occipitovertebral fusion was performed with autologous bone or acrylic resin and steel wire. Finally, six patients required a cerebrospinal fluid (CSF) shunt for hydrocephalus that was present preoperatively in four cases and developed later in the other two.
The anterior approach involved transoral resection of the clivus-atlanto-odontoid bone complex. The operative technique used was similar to that described by Greenberg, et al. TM Briefly, after tracheostomy and under anesthesia, the patient is placed in the Trendelenburg position with the head extended. The tongue is then depressed and the soft palate and uvula At the end of the surgical procedure, the posterior pharynx and soft palate are closed with interrupted sutures. A nasogastric tube and tracheostomy are maintained for a week, until the edema of the palate and pharynx has subsided. The day after operation, lateral and anterior tomograms are made to determine the adequacy of bone removal. In the case of insufficient decompression, the patient is taken back to the operating theater to complete the procedure. This occurred in the first two cases. In this connection, it should be noted that intraoperative radiographic monitoring by means of a C-arm image intensifier proved quite unreliable for assessing the decompression obtained. After transoral decompression, three patients had a posterior spinal fixation with acrylic and steel wire.
Clinical and Radiological Syndrome
Group A: Posterior Approach. The neurological syndromes in the 58 Group A patients are summarized in Table 2 . As was to be expected, there was a complex constellation of neurological disturbances, sometimes hard to classify in a well defined clinical syndrome. Pyramidal tract disorders were present in 79% of the cases, cerebellovestibular signs in 74%, sensory loss in 46%, and intracranial hypertension in 22%. Particular stigmata like short neck, low hairline, asymmetry of the face, or cervical hyperlordosis were present in 72% of the patients.
The radiological bone changes are summarized in Table 3 . Basilar impression was the most frequent bone change (45 cases), followed by atlas assimilation (33 cases), and atlantoaxial dislocation (25 cases). In practically all cases, these defects were combined in various complex ways (Fig. 1) . Fifty-two patients (89%) were subjected to neuroradiological investigations with contrast media, including pneumoencephalography, ventriculography, myelography, and angiography. Contrast radiographs often revealed abnormalities: cerebellar ectopia, elongated and/or Table 4 . Four patients had advanced disease, consisting of corticospinal and, to a lesser extent, posterior column disorders. In the other patient the clinical picture was basically characterized by motor incoordination and unsteadiness of gait, associated with vestibular and ninth and 10th cranial nerve involvement. In all five cases, plain xray films showed a complex bone malformation of the CVJ, that is, basilar invagination, assimilation of the atlas, atlantoaxial dislocation, and/or odontoid dysgenesis; moreover, in four patients, irreducible bone impingement from the ventral aspect caused marked stenosis of the craniocervical canal. Contrast studies showed no nervous tissue changes in any of the five patients.
Results
The results in the five cases of Group B are given in Table 4 . One patient may be considered symptomflee, two improved, one remained unchanged, and another, who showed rapid improvement in the week following the operation, died the day before the planned posterior fixation operation, from acute dislocation of the axis.
Information on the long-term results (from 1 to 26 years, an average of 8 years after the operation) in Group A was obtained by letter-questionnaires completed by the family physician and/or clinic followup examination. The preoperative grade of the disease was "mild" in seven cases (cerebellovestibular signs, cranial nerve palsies, and/or intracranial hypertension), "moderate" in 32 cases (motor and sensory deficits in addition to or without the previous disturbances), and "severe" in 19 cases (marked motor and sensory deficits with or without respiratory disturbances). The postoperative mortality was 0% in mild cases, 9.3% in moderate cases, and 21% in severe cases. The long-term results in 43 patients (eight having been lost to follow-up review) were graded in the same way as before the operation: with those criteria, 51.5% had a favorable outcome, 25.5% remained unchanged, and 23% continued to deteriorate or died (Table 5) .
Discussion
The main interest of this study lies in the case materialper se, the long average follow-up period in Group A (8 years), and the analysis of the clinicoradiological findings that may affect the long-term results. Surgical indications for the anterior approach are also proposed.
The overall long-term outcome in Group A showed that 50% of the patients benefited from surgery, 25% remained unchanged, and 25% continued to deteriorate or died from the disease for which they were operated on. These data compare favorably with those for the natural history of these patients, especially if we consider that the untreated cases are as a rule the least severe) , 16, 26 A careful analysis of these cases allowed us to identify a subgroup of patients with a better prognosis. These patients exhibited cerebellovestibular, superficial sensation and/or cranial nerve involvement associated with mild pyramidal deficits and, in some cases, intracranial hypertension. Radiologically, they presented a CVJ malformation invariably combined with dorsal nervous tissue and/or meningeal anomalies, such as Arnold-Chiari malformation, dural fibrous ring, blockage of the cisterna magna, and/or hydrosyringomyelia, in the absence of irreducible cervicomedullary indentation by ventral bone deformity. This particular subgroup included 40 patients, 34 of whom had an average follow-up of 6 years (the other six patients were lost sight of). In this subgroup, the operative mortality was 7.5% (three cases), and late results (Table 6) showed that 20 patients had improved (64.5%), seven had not changed (22.5%), two had deteriorated (6.5%), and two had died (6.5%).
The remaining 18 Group A patients showed a preponderance of long-tract signs, the motor pathways being distinctly more affected than those involved with deep sensation. Radiologically, these patients tended to show an irreducible stenosis of the craniocervical canal secondary to ventral bone deformity. In these patients, the operative mortality was 22% (four cases). Two patients were lost to follow-up review.
Numerous authors 2,3,11,17,18,21,24,26 have stressed the high operative risk of the posterior approach in this condition, mainly because of the flexion of the head required by the operation or because of sudden decompression of the anterior spinal artery. 6 The longterm follow-up period was an average of 9 years for the last 12 cases in Group A. Late results (Table 7) showed that only two patients had improved (16.5%), four were unchanged (33%), four had deteriorated (33%), and two had died (16.5%).
It seems unlikely that mere posterior decompression can influence positively a serious upward and posterior irreducible bone displacement compressing the cervicomedullary segment (Figs. 2 and 3) , which explains the long-term results. The anterior approach has been designed to overcome this surgical impasse by direct correction of the deformity of the bone structures. The same rationale has made the anterior approach popular in cervical spondylotic myelopathy. 17,as Only five patients in the present series of 63 cases of CVJ malformations were operated on via an anterior approach. Four of them, who had severe irreducible cervicomedullary compression from a ventral bone deformity, showed improvement, as in similar reported cases. 1,8,1~
One patient died from acute dislocation of the axis on the day before planned posterior fixation operation; in this particular case reliance upon the anterior approach might have avoided her death. Removal of the atlanto-clivusodontoid bone complex by the transoral approach is usually feasible with only minor technical problems. However, such removal often disturbs the anatomical functional unit of the CVJ, and thus has the disadvantage of the frequent need for a second operation for stabilization by posterior cervical fusion. On the other hand, several investigators (including Abe H: personal communication, 1981), have already demonstrated the possibility of transoral fusion. 11,1g,15, 19, 22 In conclusion, this retrospective study of CVJ malformations operated on via a posterior approach suggests that there is a high probability of relieving or arresting neurological symptoms after this operation (75% of patients either benefited or were unchanged). On the basis of our present experience, the anterior approach is preferable to a posterior decompression if the CVJ malformation involves ventral irreducible deformity in the absence of dorsal compromise by soft tissue, as in cases of Arnold-Chiari malformation, dural fibrous ring, blockage of the cisterna magna, and/or hydrosyringomyelia. We are aware that some cases of CVJ malformations might defy any treatment. Included among such cases are microscopic intra-axial nervous system anomalies, some of which have been well documented in the literature. 9,16,2~
